Sabia virus Glycoprotein G1 (GP1) is a peripheral membrane protein involved in viral adsorption and consequential pathogenic infection. Glycoprotein G1 (GP1) was subjected to immunoformatic and molecular simulation study to predict effective B-cell and T-cell epitopes with knowledge-based exploration of probable immunological responses the epitopes may elicit. The linear and conformational epitopes of GP1 for B-cell were predicted by immunoformatic tools housed in IEDB recourse. Both CD4+ and CD8+ T-cell epitopes were predicted exploiting IEDB recourse tools whereas CD8+ T cell epitopes were severed further by immune response evoking ability of epitope-MHC complex. Contribution of GP1 to innate antiviral response was evolved by interferon (IFN)-gamma inducing and imitation capacity by immunoformatic and docking study respectively. The results of the B-cell epitope analysis suggest the occurrence of potential linear and conformational epitope with cross-reactivity. A range of T-cell epitopes were assumed to be involved in MHC class I and MHC class II molecule dependent antigen presentation. Glycoprotein G1 (GP1) may induce the IFNgamma but its IFN-gamma mimicking ability (confirmed by docking study) that adduces a prompt immune defense. Therefore, inherent immunological repertoire of GP1 epitopes can be taken in to advantage in future immunization regiment development against Sabia virus.
Introduction
Sabia virus is one of five arenaviruses from South America known to cause hemorrhagic fever in human [1] . The Sabia virus is an enveloped ssRNA negative-strand viruses of genus Arenavirus and distinct from all other members of the Arenaviridae like Junin, Machupo, Tacaribe, and Guanarito viruses. It is highly infectious and lethal virus that causes hemorrhagic fever (Brazilian) symptomized by fever, eye redness, fatigue, loss of strength, bleeding under the skin and internal organs, nervous system malfunction, coma, delirium, and seizures [2] . To date five genes of Sabiá virus has been identified those encodes for glycoprotein precursor, nucleocapsid protein, L protein, Z protein and an uncharacterized one. Pre-glycoprotein polyprotein GP complex, a complex of 488 amino acid, characterization showed the presence of the stable signal peptide (SSP), Glycoprotein G2 (GP2) and Glycoprotein G1 (GP1). GP2 is a class I viral fusion protein, that directs fusion of viral and host endosomal membranes, leading to delivery of the nucleocapsid into the cytoplasm. GP1 is a peripheral membrane protein locates on virion membrane and mediates virus attachment to host TFRC transferrin receptor that leads to virion entry into the host cell through the endosomal pathway [3] .
Secreted and surface proteins of any pathogen like virus are mostly antigenic and are responsible for pathogenicity while often considered as good candidates for immunization [4] . Immunity to viral infection is caused by a variety of specific and nonspecific immune mechanisms. But, immunization scheme involve induction of immunity against pathogens by stimulating antigenspecific CD8 + cytotoxic T lymphocytes (CTL) and B cells [5] .
Effective induction and development of immune response depends on specific and potent antigen presentation by the human leukocyte antigen (HLA) alleles class I (MHC class I molecule) and class II (MHC class II molecule) molecule [6] . CTLs recognize peptide antigens presented by MHC class I molecules on infected cells and destroy them. CD4 + T-helper (Th) cells recognize antigenic peptides presented by MHC class II molecules that ultimately converge to the B cells response [7, 8] . In addition, interferon (IFN)-gamma, a non specific immune arsenal to virus, directly increase CD8 + cytotoxic T lymphocyte's abundance during virus infection as well as enhance MHC class Iand MHC class II-dependant antigen presentation to mount a quick and efficient immune response [9] .
Computational prediction of effective B-cell and T-cell epitopes is a key mean to develop peptide or epitope based vaccines those are easy to produce, more specific, and safe compared to the conventional vaccines [6] . But such active vaccine must at minimum contain two antigenic epitopes: one to induce specific B-cell or CTL responses and another to induce specific T helper cells that regulate (initiate, enhance, or suppress) immune responses. In this study, we used immunoformatics tools to study the B-cell and T-cell epitopes in addition to computational simulation study to assess the IFN-gamma inducing effect of virion membrane protein Glycoprotein G1 in Sabia virus.
Material and Method

Protein Sequence retrieval and homology modeling
Glycoprotein G1 (GP1) protein sequence (Q90037) for Sabia virus was retrieved from the UniProt database (http://www.uniprot.org/). Probable three-dimensional (3-D) structure of GP1 was generated by protein structure homologymodeling server SWISS-MODEL (http://swissmodel.expasy.org/) using templates (2wfoA & 3kasB) showed maximum alignment score. The qualities of the predicted 3D structures were confirmed by online tool QMEAN, ProSA and ProCheck [10] [11] [12] . The best 3D structure was selected on the basis of QMEAN4 global scores, Ramachandran plot and Z-score. The best macromolecule structure was selected for docking and conformational B cell epitope prediction.
Potential B cell epitope prediction
Linear epitope prediction
Both of the classical propensity scale methods and BepiPred method were applied for the prediction of the potential B cell linear epitopes using IEDB analysis tools to predict B cell epitope (http://www.iedb.org/). Propensity scale methods employ Kolaskar-Tongaonkar antigenicity scale and Parker's hydrophilicity scale [13] [14] . BepiPred tool uses a combinatorial algorithm comprising both hidden markov model and propensity scale methods antigenic propensity and thus performs significantly better than any of the other methods [15] .
Conformational epitope prediction
Conformational epitope for B-cell was predicted based upon structural protrusion and performed by ElliPro in IEDB analysis resource. This method predicts epitopes based upon solventaccessibility and flexibility and predicts both of linear and discontinuous antibody epitopes based on a protein antigen's 3D structure.
Potential T cell epitope prediction
Epitopes for CD4+ T cells
To check whether the GP1 can elicit CD4+ T cells response, we predicted potential T cell epitopes using "Peptide binding to MHC class II molecules" program under "MHC II binding prediction" tool in IEDB analysis resource. For our prediction we followed NetMHCIIpan prediction method choosing the seven abundant HLA class II alleles DRB1*01:01, DRB1*03:01, DRB1*04:01, DRB1*07:01, DRB1*11:01, DRB1*13:01 and DRB1*15:01 from the selection panel [16] . Later, from the predicted T cell epitopes only those epitopes having IC50 score less than 20 were selected as potential T cell epitope candidates.
Epitopes for CD8+ T cells
The probability of GP1 protein to elicit CD8+ T cells response, we predicted potential T cell epitopes using "Peptide binding to MHC class I molecules" program under "MHC I binding prediction" tool in IEDB analysis resource. For our prediction we followed Artificial neural network (ANN) prediction method choosing the two glorbal HLA class I alleles HLA-A*02:01 and HLA-A*02:06 from the MHC allele selection panel [17] . The relative ability of a peptide epetope-MHC complex to elicit an immune response was predicted using "T cell class I pMHC immunogenicity predictor" that counts amino acid properties as well as their position within the peptide to predict the immunogenicity of a class I peptide MHC (pMHC) complex.
Prediction of IFN induction capacity and molecular simulation study
Computational tool IFNepitope (http://crdd.osdd.net/raghava /ifnepitope/scan.php) was used on GP1 for scanning INF-gamma inducing regions in a protein or antigen. This server will generate all possible overlapping peptides and predict IFN epitope in these overlapping peptides to rank these peptides/epitopes based on their SVM score. During scanning motif and SVM hybrid algorithom was applied for IFN-gamma versus Non IFN-gamma epitopes prediction. In order to perform epitopes-receptor docking, 3D structure of the IFN-gamma receptor (PDB id: 1fyh) was retrieved from RCSB Protein Data Bank (www.rcsb.org/) . The protein-protein docking of IFN-gamma receptor and predicted epitopes were performed by PatchDock server [18] under default settings. The algorithm of PatchDock is based on object recognition and image segmentation techniques used in Computer Vision. The outputs of the PatchDock were feed to FireDock for refinement in molecular docking [19] .
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Results
Three dimensional (3D) modeling of Glycoprotein G1
The three dimensional (3D) model of the GP1 generated by SWISS-MODEL to get Model 1 (Tamplate: 2wfo) and Model 2 (Tamplete: 3kas). The structural qualities of the predicted structures were tested by QMEAN, ProSA and ProCheck computational tool. Post-modeling analysis reveal a reliable and flavour structure of the Model 1 due to similar QMEANscore4 (Model 1= 0.51; Model= 0.52) but distinct Ramachandran plots where Model 1 emulates Model 2 in the number of residues in most favored regions. Ramachandran plots (Figure 1 ) for the target molecule structure were not ideal probably due to scarcity of perfect templates but Model 1 is still a quite stable structure.
Potential B cell epitope prediction 3.2.1 Linear epitope prediction
Kolaskar -Tongaonkar antigenicity scale utilizes the physicochemical properties of amino acid residues and their frequencies of occurrence in experimentally known segmental epitopes to assign the propensity value. The result from the Kolaskar -Tongaonkar antigenicity scale exhibited the presence of nine polypeptide fragment of GP1 (Table 1) over antigenic propensity threshold (1.00) value with maximum score average antigenic propensity of 1.024 and covers ~ 60.71% of its amino acid residue. These are potential antigenic sites of the protein and they have the potential to evoke B cell response. Parker's hydrophilicity scale is based on peptide retention times during high-performance liquid chromatography (HPLC) on a reversed-phase column was constructed. This scale counts the hydrophilicity of the individual amino acid residue and its output showed the 11 discreet polypeptide fragment of GP1 ( Figure 2 ) over hydrophilicity threshold (1.287) value with maximum score average hydrophobicity propensity of 1.287. 
Conformational B cell epitope prediction
Three dimensional GP1 was feed to ElliPro tool to analyze conformational epitopes for B-cell. ElliPro predicted seven distinct epitopes with residual specification and corresponding score. The results from the ElliPro tool have been summarized in Table 2 . Amino acid residues of the conformational epitopes overlap with the amino acid residues of linear epitopes at least partially. 
Epitopes for CD8+ T cell
MHC class I molecule binding prediction tool retrieved 6 epitopes for HLA-A*02:01 while 5 epitope for HLA-A*02:06 within selected IC50 range (IC50<100.0). Input of these epitopes to T cell class I pMHC immunogenicity predictor tools resulted in 4 potential epitopes with positive score and these peptide epitope-MHC complex will elicit an immune response.
Prediction of IFN epitopes and docking analyses
The result of IFNepitope tool revealed that the entire protein GP1 has the probability of induce the release of IFN-gamma with the positive score of ~1.55.
The mimicity of the GP1 with respect to the INF-gamma was evolved by the protein-protein docking using PatchDock algorithom and FireDock as post docking refinement tool. FireDock is an efficient method for refinement and re-scoring of rigid-body protein-protein docking solutions. The results of the docking analysis and post docking analysis have been summarized in the table 3 (in comprehensive manner). The best docking pose ranked on the global energy showed an energetically favorable interaction between the Glycoprotein G1 (GP1) and IFN-gamma receptor alpha chain. 
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Discussion
The present study is first to model the 3D structure of Glycoprotein G1 with it's full length computational analysis of the immunogenic property at a mechanistic view. 3D structure of the protein was utilized in both conformational B cell epitope prediction to provide a higher resolution view toward cellmediated immune response. Besides, 3D structure of GP1 also used in the computational simulation study for unfolding its contribution to innate immune response like IFN-gamma induced antiviral protection.
To mount an immune reaction the entire protein need not to be antigenic and antigenic portion of the protein should essentially be hydrophilic to be present on surface of the protein [20] . A systematic evaluation of the antigenicity and hydrophobicity can provide an empirical tool to predict potential immunogenic polypeptide. Thus, in the linear B cell epitope prediction model the Kolaskar -Tongaonkar antigenicity scale and Parker's hydrophilicity scale were utilized to synchronize the output from both tools to get the epitopes with more experimental value. In addition, BepiPred tool used to sever the bilateral output of the antigenicity and hydrophilicity scale. Finally the epitope 'FNHDPTPLCQKQTSTVNE' was found as the unique one to satisfy the requirement of propensity scales and likely to incline to elicit the B-cell response. B cell epitope prediction for the conformational epitope, that is biologically more meaning full, showed seven discreet epitopes. Interestingly, a comparison of the linear epitopes with the conformational epitopes discloses the residual similarities that actually suggest cross-reactivity. However, naturally ~ 10% of the conformational epitopes exhibits the occurrence of antibodies cross-reactive with the linear epitopes [21] . Therefore, Glycoprotein G1 possesses an immense potential to evoke the B cell mediated immune response upon proper immune challenge.
Most antigens and vaccines trigger both B-and T-cell responses, such that there is no rationale in opposing antibody production (humoral immunity) and T cell responses (cellular immunity) [22] . Both of CD4+ T cells and CD8+ T cell have provital role to peruse the anti-viral immune response as well as antigen derived clonal expansion of the B cell. But MHC mediated antigen presentation lies at the core of all these immune strategies. The search for the potential epitopes of the MHC class I molecule and MHC class II molecule revealed a range of potential epitopes with the potential to be presented globaly regardless they follow intracellular or extracelular processing. This is because the Glycoprotein G1 (GP1) possess potential epitopes for both MHC class I molecule and MHC class II molecule and thus the protein inharitantly has the capacity to bridge between the innate and adaptive immune response, a criteria central to the immunization.
Interferon (IFN)-gamma is a critical antiviral mediator that is secreted by T helper cells, cytotoxic T cells, NK cells, myeloid cells, dendritic cells and macrophages [23] . The secretion of IFN-gamma particularly by meloid cells, dendritic cells and macrophages lead cell self activation of immune response during the onset of the viral infection [24] . Glycoprotein G1 (GP1) can induce the IFN-gamma that obviously induce the anti-viral deface. But direct interaction with IFN-gamma receptor alpha chain, profound from the computational simulation studies, suggest very early instigation of the immune arsenal to evoke propmt defensive response.
Conclusion:
The present study is first to model the 3D structure of Glycoprotein G1 with it's full length computational analysis of the immunogenic property at a mechanistic view. Glycoprotein G1 (GP1) is a virion membrane surface protein of Sabia virus with epitopes of antegenic repertoire. These epitopes may meet central immunization requirement of the specific B-cell or CTL responses induction along with influence on immune regulation by T helper cells. Glycoprotein G1 (GP1) also has IFN-gamma inducing capacity. All of these immunological properties can be taken in to advantage in future immunization regiment development.
